In this empirical article, we analyze the extent to which accessibility and environmental variables are capitalized in apartment prices in Nantes Métropole, France. Using a sample of 5,590 transactions in 2002, 2006, 2008 from the Perval database, we estimate a spatial hedonic price model that takes into account spatial autocorrelation and spatial heterogeneity. Special attention is also paid to the construction of environmental quality variables (noise exposure, air pollution). We find that apartment prices depend positively on proximity to Nantes city centre but that the public transport network (urban or non-urban) has no significant influence. Noise reduction is valued, but only at low or marginal levels of significance. Last, air quality does not significantly influence apartment prices. These results can be related to good accessibility and environmental quality in Nantes Métropole which probably makes households less sensitive to these issues than in other geographical contexts. This seems to provide little support for sustainable urban mobility plans favoring better accessibility, unless public authorities also target the greater awareness of the use of virtuous modes of transport. Special attention is also paid to the construction of environmental quality variables (noise exposure, air pollution). We find that apartment prices depend positively on proximity to Nantes city centre but that the public transport network (urban or non-urban) has no significant influence. Noise reduction is valued, but only at low or marginal levels of significance. Last, air quality does not significantly influence apartment prices. These results can be related to good accessibility and environmental quality in Nantes Métropole which probably makes households less sensitive to these issues than in other geographical contexts. This seems to provide little support for sustainable urban mobility plans favoring better accessibility, unless public authorities also target the greater awareness of the use of virtuous modes of transport.
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The hedonic pricing method has been widely used since the seminal article of Rosen (1974) to provide monetary values for housing's intrinsic and extrinsic attributes. As house prices depend on intrinsic (number of rooms, living surface area) and extrinsic (proximity to public transport, social quality of the neighborhood, amenities and pollution) attributes, the housing market can indirectly provide a monetary value for these attributes. The price difference between two dwellings that are identical with the exception of one attribute should reflect the value of the gain or loss of well-being induced by that attribute: public transport, an amenity or environmental quality. The hedonic pricing method is therefore especially relevant for the provision of new insights into households' willingness-to-pay for greater accessibility and environmental quality.
Empirical work using stated preferences has also underlined the significance of these amenities in housing decisions. Households select the environments with transport and amenities that are consistent with their preferences (Bhat et al., 2008; Cao & Cao, 2014) . The role of preferences is revealed in residential location choices (Lund, 2006; Walker & Li, 2007) . Preferences are related to the life cycle, in the sense that certain life events (for example, the birth of a child) may change preferences and thus drive individuals to move (Clark & Onaka, 1983; Rabe & Taylor, 2010) .
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A wide-ranging empirical literature has used the hedonic approach in order to assess the values of both intrinsic and extrinsic house attributes. Although the bulk of the work using the hedonic pricing method has been carried out in the United States and Canada, the European literature has been growing since the early 2000s and even more recently; it is the same in Asia. In France, Cavailhès (2005) highlights that housing values rise with amenities and accessibility in the rental market in 287 French urban centres. He underlines that these higher values depend greatly on the social quality of the neighborhood. Capitalization of access to public transport in apartment prices has been shown in Nantes (Fritsch, 2007) and Paris (Nguyen-Luong & Boucq, 2011) . The roles of environmental amenities (such as green spaces) and environmental damage (such as noise exposure) have also been highlighted in Grenoble (Saulnier, 2004) , in the majority of the urban centres studied by Cavailhès (2005) , in Paris (Bureau & Glachant, 2010) , in Angers (Choumert & Travers, 2010; Travers et al., 2013) , on the French Atlantic coast Le Berre et al., 2017) and in Nantes (Le Boennec & Sari, 2015; Le Boennec & Salladarré, 2017) .
Location and accessibility attributes often count among the major determinants of housing prices. Still, it is not always the case depending on the local context, whereas in most cases, the positive or negative relationship between accessibility to certain amenities or transport facilities and real-estate capitalization has to be clarified. Concerning environmental quality variables, there exist very few French hedonic studies providing insights 2017 (https://www.lexpress.fr/emploi/le-palmares-2018-des-villes-ou-il-fait-bon-vivre-et-travailler_1984924.html, accessed 20/03/2018) . Accessibility, local pollution and housing prices. Evidence from Nantes Métropole, France on the potential influence of air pollution or noise exposure on the price of dwellings (see the following Literature review section). Even scarcer are the studies where corresponding data could be calculated for every dwelling transaction. Investigating such original variables, the present article provides new insights into the effects of greater accessibility and environmental quality on apartment values in a local context: the conurbation of Nantes Métropole.
See for instance the 2018 Express ranking, where Nantes is in first place, as was the case in
To implement the hedonic model, we rely on an original cross-sectional database partially obtained from numerical simulations. These were carried out as part of a wide multidisciplinary research project, using a chain of physically-based models. The starting point of these was traffic data in Nantes Métropole (Mestayer et al., 2012) , and noise exposure and air quality around dwellings were calculated. These environmental data were matched to our geo-referenced database, which includes data on apartment transactions in the 24 communes of Nantes Métropole in 2002 Métropole in , 2006 Métropole in and 2008 , and distances to a set of reference points.
As housing observations constitute a type of data characterized by location attributes, we apply spatial econometrics in relation to hedonic price modeling. The spatial dependence between observations in our sample is then taken into account at various points in space. In order to deal with spatial autocorrelation and spatial heterogeneity, we use the instrumental variables and Generalized Method of Moments approaches (GMM) proposed by Kelejian and Prucha (2010) to estimate annual spatial autoregressive models with unknown heteroscedasticity in the disturbances. This recent multi-step estimation method has a spatial autoregressive process in the dependent variable and disturbance term.
In line with the existing hedonic literature, our results confirm that intrinsic attributes have an impact on housing prices. Concerning extrinsic attributes, the results are far more mixed: if greater accessibility to Nantes city centre increases apartment prices as expected, we find no significant impact of the public transport networks (both urban and non-urban) on prices. The specific influence of environmental quality variables is very limited as well: we find that airborne pollutants do not reduce housing prices; noise pollution does, but it only leads to slightly lower prices for noisy compared to quiet apartments. Some of these results are quite surprising and will be discussed further.
The remainder of the article is structured as follows. The next section reviews the current literature pertaining to the effect of noise, air pollution and accessibility on housing values. Then we present our database. Another section explains the econometric model and the spatial dependence tests, and the next is dedicated to the analysis of the results. Last, we provide some concluding remarks and policy recommendations.
Literature review
Although empirical work using the hedonic pricing method is relatively unanimous regarding the impact of various intrinsic attributes on housing values, results are more divided on the effects of extrinsic attributes, which crucially depend on dwelling location and neighborhood. The scope of this review is limited to the extrinsic attributes that will be investigated in the present article, namely local pollution (noise and air) and access to urban and non-urban public transport.
Noise
As a negative externality, noise tends to reduce housing values. Nelson (2004) considers the effects of noise exposure in dwellings close to 23 airports in the United States and Canada. He finds an average drop in house prices of 0.58% per additional decibel (dB), with greater noise sensitivity in Canada. The literature review in Nelson (2008) emphasizes that the Noise Depreciation Index (NDI) has a median value of 0.74% per dB for aircraft noise and 0.54% for traffic noise. Andersson et al. (2010) show a larger negative effect of road noise than railway noise in the Swedish municipality of Lerum, with a respective fall of 1.2% and 0.4% in property prices per additional dB. This figure rises to 1.7% for road noise and 0.7% for railway noise when the total noise level is over 55dB. This drop is also about 0.5% per additional dB from the rail network in Seoul, Korea (Chang & Kim, 2013) . In the same line, apartments located in calmer districts in Paris, France, are worth 1.5% more on average (Bureau & Glachant, 2010) . However, the relationship between noise exposure and housing values is not always obvious. Le Boennec and Sari (2015) find only a weak relationship between exposure to road and rail noise and house prices in Nantes Métropole (-0.23% per additional dB). Depending on the context, noise is sometimes even not significant, as found in Grenoble, France (Saulnier, 2004) and by Cavailhès (2005) in the majority of the French urban centres.
Air pollution
The relationship between air pollution and housing values has been extensively investigated since the seminal article of Ridker and Henning (1967) , who established a negative effect of sulphur pollution in the St. Louis metropolitan area, United States. Air quality variables produce widely-differing effects on housing values in hedonic analyses (Smith & Huang, 1993; Boyle & Kiel, 2001 ). Decker et al. (2005) find a negative impact of a high concentration of restricted pollutants in Nebraska, United States. However, the same pollutants are not significant in the other American State of Massachusetts (Bui & Mayer, 2003) . French studies have also revealed a not significant link between air pollution and housing values: between nitrogen dioxide levels and rents in Grenoble (Saulnier, 2004) and air pollution and rents in French urban centres (Cavailhès, 2005) . Kim et al. (2003) show that a permanent 4% improvement in air quality, through lower sulfur dioxide pollution (SO 2 ), is valued at 1.43% of mean house price in Seoul, whereas NO x pollution does not play any role in housing values. These contrasting results likely reflect heterogeneity in housing markets. Using a particular air-quality index, Le Boennec and Salladarré (2017) find that house buyers in Nantes Métropole are generally not sensitive to air pollution, except for those who previously lived in an air-polluted area. The mixed results could also come from differences in air quality measurement. For instance, Anselin and Le Gallo (2006) show that discrete ozone categories produce better results than the associated continuous variable in the estimation of the effect of air quality on housing values in Southern California.
Transportation
Empirical work on access to public transport (urban and non-urban) has produced contrasting results. This is emphasized by Bowes and Ihlanfeldt (2001) for Atlanta, United States. Railway station proximity is likely to increase house prices via improved accessibility and the presence of neighborhood shops, which is an advantage for nearby inhabitants. However, railway stations produce noise and air pollution, and disturb the landscape. The global net effect is therefore negative for properties close to the railway station (within a quarter of mile) and positive for properties farther away (between one and three miles). Other work has also found this concave effect of proximity to railway stations, such as Billings (2011) for light rail in Charlotte, United States, and Mohammad et al. (2017) for the subway in Dubai, United Arab Emirates. However, the positive accessibility effect dominates the negative externality effect for light rail in most of the studies focusing on other cities in the United States (for a detailed survey see Efthymiou & Antoniou, 2013, and Dubé et al., 2013) and cities in Asian countries (Pan & Zhang, 2008; Chen & Haynes, 2015; Li et al., 2016; Diao et al., 2017) .
Similar results have been obtained in European cities. Efthymiou and Antoniou (2013) show that proximity to subway, tram, suburban and bus stations in Athens, Greece, increases apartment prices, whereas proximity to the old urban railway, national rail stations, airports and ports reduces prices. Martínez and Viegas (2009) find that subway proximity increases property values in Lisbon, Portugal, with access to two subway lines being valued more than access to a single line. In Paris, while proximity to a railway station increases prices (Bureau & Glachant, 2010) , proximity to a subway station reduces them. This is in line with Nguyen-Luong and Boucq (2011) , who find 5% lower prices for apartments located within 200 meters of the third line of the Paris tram. Interestingly, Fritsch (2007) uncovers similar results in Nantes, where tram lines tend to reduce housing values in areas near the city centre and increase housing values farther away 2 .
The meta-analyses of Debrezion et al. (2007) and Mohammad et al. (2013) show that the effects of rail projects or existing infrastructures on housing values also depend on a number of other factors, such as the type of rail service, the age of the rail system (with older networks having more lines and so being more attractive to users), the characteristics and locations of the stations, and the geographical location and access to roads. In particular, Mohammad et al. 2. Fritsch (2007) 
Description of the data
The determinants of Nantes Métropole apartment prices are analyzed using cross-sectional data. Nantes Métropole is an urban community bringing together 24 communes of the Loire-Atlantique département in the Pays de la Loire région. It is located in the West of France, 380 km from Paris, and covers over 523 km 2 . It is crossed by one major river (the Loire), and two other rivers (the Erdre and the Sèvre). It counts 600,000 inhabitants, half of whom live in the central commune of Nantes. There were over 2.3 million daily trips in 2015 in this territory, 55% of which were by car (both drivers and passengers) and 15% by public transport. The total traveled distances were 21 km a day, corresponding to a total travel time of 67 minutes 3 . The database allows us to link the prices of apartments that were sold in Nantes Métropole to their intrinsic and extrinsic attributes (accessibility, geographical and socio-economic environment and environmental quality). All of the descriptive statistics appear in Table 1 .
The data come from the notaries' Perval database, providing information on the 25,000 transactions of apartments and houses in Nantes Métropole in 2002, 2006 and 2008 4 . It is worth noting that all housing transactions in any part of France are covered by two notarial databases: Perval and by the BIEN database for Paris (Gouriéroux & Laferrère, 2009) . The data were geo-referenced as part of the multidisciplinary research project. We use here data on the 5,590 apartment transactions, after cleaning the data from missing information. As real-estate transaction data cannot be treated as continuous over time, the three years are considered separately. The data provide information on the transaction (date, price, nature of the transfer, etc.), the location of the apartment (commune, cadastral plan section, etc.) and its intrinsic attributes (surface area, number of main rooms, bathrooms, etc.). Regarding the surface area, all the observations were kept with the exception of one apartment, whose surface area was under 9 m².
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The geographical and socio-economic environment of the apartments is described by contextual data from the French National Institute of Statistics and Economic Studies (Insee). These data are at the "Aggregated blocks for statistical information" level (Ilots Regroupés pour l'In formation Statistique or IRIS): apartment and house density, the unemployment rate, median income in the IRIS, the percentage of the population who are over 60, foreigners, and have higher education, and the presence of a so-called Sensitive Urban Zone (Zone Urbaine Sensible or ZUS) in the IRIS or the contiguous IRIS.
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Both general and specific accessibility attributes were geo-referenced as part of the multidisciplinary research project. These include the Euclidian distance to a set of reference places (railway stations, campus, etc.), to public transport networks (bus, tram and non-urban train), green spaces, rivers and Nantes city centre. The three watercourses constitute natural geographical barriers. This is notably the case for the Loire that workers living South of the river have to cross, as the majority of jobs are found to the North. Only 17% of housing transactions took place South of the Loire, considering the three years of transaction. 88% of apartments are inside the ring road, located on average around 6 km from the city centre. The natural environment is generally of good quality: 87% of apartments are located less than 600 meters from a green space (the average surface area of the latter is a little over 4 ha). Apartments are well-served by public transport: 46% are within 2 km of a railway station, 25% have a bus stop less than 100 meters away, and 48% have a tram stop less than 500 meters away 4 5 6 . Last, environmental quality variables were constructed as part of the research project. There are two of these. First, the exposure of apartments to road and rail noise: minimum, mean and maximum noise levels in the three periods of the day (daytime, evening, night-time), and over 24 hours. Second, the concentrations of eight airborne pollutants that are primarily associated with road traffic: sulfur dioxide (SO 2 ), nitrogen oxide (NO x ), nitrogen dioxide (NO 2 ), particulate matter (PM 10 and PM 2.5 ), carbon monoxide (CO), benzene, Volatile Organic Compounds (VOCs). The minimum, mean and maximum annual concentration levels of these were calculated.
Exposure to road and rail noise was calculated from traffic data as the standardized noise level, in accordance with Appendix 1 of the European Directive 2002/49/CE relating to the assessment and management of environmental noise 7 . The minimum, mean and maximum noise values were calculated for each of the three periods of the day. These were then compiled to produce the corresponding levels for the synthetic noise index using the weights advocated by the Directive (Le Boennec & Salladarré, 2017 Accessibility, local pollution and housing prices. Evidence from Nantes Métropole, France half of apartments are not subject to noise problems, at any point during the day (below 65dB as the maximum noise over 24 hours) 8 .
The Atmospheric Dispersion Modelling
System urban model (ADMS) includes a number of emission sources simultaneously. We included road emissions, as they are expected to be major contributors, as well as residential and tertiary emissions. A variety of meteorological data were also taken into account to reflect seasonality (Le Boennec & Salladarré, 2017) . Correlations were calculated to take into account the potential links between the pollutants. The air pollution criteria are strongly correlated for each year of transaction (the correlations between pollutants are at least equal to 0.75). This may be due to underlying factors which could be observed through a factor analysis 9 . Using the Kaiser criterion, one factor emerges from the analysis for each year, and more than 95% of the variance is explained by this factor. Finally, we use the factor score of all pollution criteria for each year to construct the air pollution variable 10 . Most of the mean values of air pollution for the central city of Nantes and its metropolitan area are below the annual Air Quality Guideline (AQG) of the World Health Organization (2000; 2006) . However, around 15% of dwellings are on average above this threshold. We retain a dummy variable reflecting these 15% of locations concerned with air pollution.
In order to emphasize potential clusters of prices among close observations, we perform Local Indicators of Spatial Autocorrelation, or LISA, on apartment transactions ( Figures I-A,  I -B and I-C). The LISA statistics measure the degree of similarity of each observation to its neighbors (Anselin, 1995 (Anselin, , 2005 . We calculate separate LISA statistics for each of the three transaction years, using GeoDa. A variety of spatial weight matrices were tested 11 .
The results show comparable clustering patterns of prices for the three transaction years. (Hanson & Wiczoreck, 2002) . Indeed, while LISA statistics are expected to systematically suggest clustering patterns, they may also emphasize single significant observations, as they are calculated for each transaction. However, as we do not want to advocate a maximum number of observations per cluster (which is a requirement for scan-test processing), we prefer to rely on LISA statistics (López et al., 2015) . Therefore, we retain for each transaction year five dummies corresponding to the five clustering patterns of prices emphasized by LISA statistics (high-high, low-low, low-high and high-low apartment prices, and not significant values). In the next section, the inclusion of these variables in our model will be tested. 
Empirical model
We use the apartment price as the dependent variable. From the descriptive analysis of the data, we postulate that this price can be explained by the intrinsic attributes of the dwelling, and extrinsic attributes such as proximity to public transport, which is a source of both amenities and pollution. We use the following hedonic price model to estimate housing price effects: 
Here p i is the log of the price of transaction I, x c are the C intrinsic attributes of the apartment sold, y q the contextual variables, z r the accessibility characteristics et v s the environmental quality variables. α, β, γ, δ, and ϕ are the corresponding parameters to be estimated, and ε i is a residual error term assumed to be independent and identically distributed. All of the intrinsic and extrinsic variables described (Table 1) were included in the empirical model. Among the intrinsic attributes, the surface area and its square were additionally considered to test for a potential nonlinear relationship with the price 12 .
As the assumption of independence between observations is often violated, hedonic price models frequently use spatial econometric Accessibility, local pollution and housing prices. Evidence from Nantes Métropole, France methods applied to geo-referenced data (Cliff et al., 1975; Anselin, 1988; Le Gallo, 2002 . We tested the assumption of spatial dependence (i.e. cross-unit interactions), which implies that the structure of the correlation matrix between apartments located in different places is determined by the relative position of these apartments in geographical space. In other words, the values observed in one place depend on those elsewhere.
First, following the empirical strategy in Chasco et al. (2018) , an Ordinary Least Squares (OLS) regression of the variables presented in Table 1 is estimated for each year. In addition, quarterly period dummies are included as temporal effects, as well as five submarket dummies corresponding to the five clusters of prices emphasized in the preceding section (on this point, see López et al., 2015) . Table 2 provides OLS estimates and a number of regression diagnostics to test nonnormality, heteroscedasticity, and especially spatial dependence. Each model explains more than 80% of the apartment price variance. According to the AIC and BIC criteria, the spatial submarket dummies improve the model fit.
The models are not greatly affected by multicollinearity, as shown by the low value of the mean Variance Inflation Factor or VIF index (which is under 5 for all variables). However, the condition index is above the acceptable limit of 30-40 (Belsley, 1991 14 . The robust LM test for spatial errors is significant, as well as the robust LM test for the spatial lag. The first is always higher than the second. However, these results must be taken with caution due to the non-normality of the error terms.
In accordance with the results of the LM tests, we use a spatial model containing spatial lags in the dependent variable, exogenous variables and disturbance term. The spatially-lagged variable allows for spatial spillovers in the dependent variable; it uses a spatial weight matrix to express the potential spatial interaction between the locations of each pair of apartments 15 . Moreover, a spatial autoregressive process is included in the error term, allowing for spatial spillovers 16 . Finally, the model is specified as follows: where λ is the spatial autoregressive parameter, ρ the spatial error parameter, and w ij and m ij are the spatial weight matrices 17 . In modeling the price of each apartment as depending on a weighted average of the prices of other apartments, the model determines the outcomes simultaneously, which implies that the OLS estimator is not consistent (Anselin, 1988) . This endogeneity due to the spatial lag requires the use of an instrument matrix.
As the error terms are not normally distributed, the Maximum Likelihood estimator (ML) is not relevant 18 . Moreover, the model residuals are affected by spatial correlation and heteroscedasticity. Heteroscedasticity is likely due to spatial heterogeneity, as the housing market is generally not uniform over space 19 . Despite the introduction of spatial submarket dummies to reduce spatial heterogeneity, there is still disturbance heteroscedasticity. We consequently use the GMM estimator proposed by Kelejian and Prucha (2010) for the spatial autoregressive parameter in the disturbance process, as this estimator allows for heteroskedastic error terms. The model is estimated in the first step by the Two Stage Least Square method (2SLS) using the instrument matrix. In the second step, the autoregressive parameter ρ is estimated using the GMM estimation based on the 2SLS residuals from the first step. To account for spatial correlation, the regression model is reestimated in the third step by the 2SLS method, after applying a Cochrane-Orcutt type transformation to the model (for further details, see Kelejian and Prucha, 2010) 
Results
The results of this model are reported in Table 3 .
The parameter λ is positive and significant, indicating spatial autoregressive dependence in apartment prices. The parameter r is positive and significant, so that the unobserved components of the model are spatially linked. The spatial submarkets variables are globally significant 20 .
The effects of apartments' intrinsic and contextual attributes
The role of intrinsic characteristics of dwellings in real-estate capitalization that we find in Nantes Métropole is globally consistent with other work on French data (Cavailhès, 2005; Bono et al., 2007; Fritsch, 2007; Bureau & Glachant, 2010; Trannoy & Wasmer, 2013) . Among these attributes, the surface area plays a major role. In order to investigate potential nonlinear relationships, we add the squared surface area to the surface area, and find a concave relationship between the latter and the price of the apartment. Such a result could indicate a saturation effect of buyer preferences when a dwelling surface area lies above a certain threshold. We emphasize that this threshold is located between 200 and 220 m² according to the year of transaction. Note: ** Significant at 1%, * significant at 5% and + significant at 10%.
As LM-Error and LM-
HH:
The observed values of the transaction and its neighbors are high; LL: the values of the transaction and its neighbors are low. LH: the value of the transaction is low but those of its neighbors are high; HL: the value is high but those of its neighbors are low. Coverage: 5,590 apartment transactions in the 24 communes of Nantes Métropole in 2002 Métropole in , 2006 Métropole in and 2008 . Sources: Perval 2002 , 2006 authors' estimations. Accessibility, local pollution and housing prices. Evidence from Nantes Métropole, France
Several other intrinsic attributes also influence apartment prices in Nantes Métropole. Post-1991 buildings sell at higher prices than older ones. Buyers' perceptions of potentially worse apartments, with less efficient thermal and acoustic insulation than more recent ones, could lie behind this result 21 . In the same way, new apartments (sold before completion) also benefit from considerably higher prices. The number of parking spaces also significantly influences the price: apartments with no parking spaces sell at lower prices than apartments with one parking space, whereas apartments with two or more parking spaces sell at higher prices. Buyers would then seem to consider parking on a public road at home to be delicate.
Housing values are also usually determined by the geographical and socio-economic environment of the dwellings. Still, certain contextual attributes have no clear impact on the apartment prices in Nantes Métropole. Being located in a ZUS or an IRIS contiguous to a ZUS thus reduces the transaction prices in 2006, although these two variables are not significant in 2002 and 2008. This result can be interpreted as potentially showing the usefulness of urban-renewal programs in improving the image of these districts and their neighborhood. Conversely, in line with Bureau and Glachant (2010) , median IRIS income is positively correlated with apartment prices.
The effects of location and accessibility variables
As the location and accessibility variables were constructed in the framework of the multidisciplinary research project, these attributes were expected to be more informative. Indeed accessibility variables, especially proximity to transport networks, often play a role in hedonic studies in Europe and elsewhere, as we highlighted in the Literature review section. Still these effects are not always significant; if they are, they may highlight either the expected accessibility effect yielded by the transport facility (inducing real-estate capitalization) or, conversely, a negative externality effect notably due to the higher noise levels endured (causing a drop in housing prices). Last, such effects remain dependent on the local context in the sense that, as we will see, the existing transport networks in the city may be considered more or less dense by the buyers. It thus seems important to confirm or refute the partial results of Fritsch concerning the tram influence in Nantes (2007) . To this end, we discuss the results obtained through the construction of accessibility variables intended to complete the hierarchy of public transport networks: from above (commuter rail) and from below (the bus network).
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In the first place, the proximity to Nantes city centre unsurprisingly plays a positive role. We verify that there is no evidence of a non linear effect between this distance and the price of the apartment. This linear relationship is both in line with theoretical (Fujita, 1989) and empirical literature: notably in Paris (Bureau & Glachant, 2010) , and in Bordeaux city centre .
Concerning the construction of the accessibility variables to public transport, we follow specific strategies according to the network. As bus stops can be found in the peripheral municipalities of Nantes Métropole, the variable "distance of the apartment from the nearest bus stop" can be introduced in a continuous form. Conversely, as the locations of tram stops are more correlated with the distance to the city centre (no tram stops outside the ring road), we choose to use a dummy variable ("Presence of a tram stop less than 500 meters away"). The threshold of 500 meters approximately reflects the median value of the distribution. Concerning non-urban public transport (commuter rail), it should be noted that only 12% of transactions are located less than one kilometer from the central railway station. These particular locations could be viewed as a premium by the buyers.
However, proximity to the closest railway station does not play the expected accessibility role, with not significant estimated coefficients. This may reflect the minor role played by the non-urban railway network in urban mobility in France. Moreover, in Nantes Métropole, this likely is due to the good accessibility to urban public transport, which is expected to provide a better service than commuter rail inside the conurbation, notably in terms of frequency and daily operating times.
The assumption of a greater interest of the apartment buyers towards the urban transport networks is however not verified: we find no significant influence of the bus and tram networks on apartment prices in Nantes Métropole either. The estimated bus coefficients are insignificant in all three transaction years. However, this absence of valuation may simply be due to the high density of urban transport networks in the city in general, which makes immediate proximity to a bus stop superfluous from the buyer's point of view.
The four tramlines were established to help make radial trips to Nantes city centre using public transport. The three first lines were opened between 1985 and 2000. As the third line was extended to the North of Nantes in 2004 and the fourth line was opened in 2006 (the "busway" line as a Bus Rapid Transit), these trips to the city centre were made possible from various points of the ring road. However, in the same way as above, our results show that being located in a 500-m radius around a tram stop does not significantly affect apartment prices in Nantes Métropole, with coefficients never significant for any transaction year 22 . Unlike Fritsch (2007), we therefore cannot conclude, for apartment transactions in Nantes Métropole, for the existence of either an accessibility effect of the tram network, or a negative effect from being located too close to a tram stop (in particular given the noise expected). This result is in line with those of Travers et al. (2014) , who show that the "busway" line has no significant impact on housing prices in the municipalities of Nantes Métropole crossed by this new line (Nantes, Vertou and Saint-Sébastien-sur-Loire).
Concerning the remaining location variables, we do not emphasize any clear influence on apartment prices either. In two distinct ways, being on a private road and benefiting from large green-space surface areas around the apartment can be considered as amenities. However, despite the expected quiet environment, location on a private road (which is the case for 30% of the observations) is actually associated with lower prices in 2002 and 2006; this is likely due to the difficulty of access when roads are narrow. Concerning green spaces, the existence of a surface area within 300 meters around the apartment is significant only in 2002. However, a positive influence of green spaces close by has been highlighted in a number of French cities: Paris (Bureau & Glachant, 2010) and Angers (Choumert & Travers, 2010 Households are expected to value an improvement in environmental quality in urban centres, where it is generally considered deficient. Moreover, like accessibility, these attributes can be modified by sustainable urban mobility plans (Ellison et al., 2013) . For these reasons, environmental quality variables (noise exposure and air pollution) were also constructed as part of the multidisciplinary research project, as potential factors of valorization or depreciation of the dwellings.
We retain in our models the noise variable that refers to the maximum noise level from roads and railways over a 24-hour period. Our results prove to be quite robust, as they are comparable whatever the noise variable introduced: day-time, evening or night-time; maximum, mean or minimum level. In the end, noise exposure reduces the price of apartments in 2006 and 2008 24 . For a noise exposure of 55 to 60 dB, our results suggest a lower price of 0.28% per additional decibel. This coefficient is lower than that in Boiteux's report (2001) : the figures there are 0.4% for the same dB interval, and 1.1% for over 75dB. In a previous study, Le Boennec and Sari (2015) find a comparable effect of noise on house prices in Nantes Métropole (-0.23% per additional decibel), again a lower value than in Boiteux's report. Our result may be due to the quiet environment found in Nantes Métropole in general.
Concerning the potential influence of air quality on the price of apartments in Nantes Métropole, it should be noted that only about 15% of dwellings are on average above the annual Air Quality Guideline (AQG) of the WHO (2000 WHO ( , 2006 . However, even for this subsample of apartments, we do not find any positive relationship between air quality and the price. This result is confirmed for the apartments with better air quality. This general absence of relationship could reflect that real-estate capitalization is better explained by subjective perceptions of environmental attributes rather than objective data, as shown in Chasco and Le Gallo (2013 Accessibility, local pollution and housing prices. Evidence from Nantes Métropole, France intangible nature of air quality generally renders objective measures non influent, except in the case when the pollution is odorous or visible. Second, air pollution is seen as ephemeral, even though its effects on health are tangible (Le Boennec & Salladarré, 2017) . Last, lower air quality is more difficult to perceive when average air quality is high.
* * *
Our hedonic pricing analysis of apartment transactions in Nantes in 2002, 2006 and 2008 highlights the only moderate degree of real-estate capitalization with respect to accessibility to the city centre, air quality and noise reduction.
We confirm that housing prices in Nantes Métropole depend above all on the intrinsic attributes of the apartments and their socio-economic environment. In contrast, our results regarding accessibility are not particularly strong. In line with Travers et al. (2014) , who find no real-estate capitalization for the "busway" line in Nantes Métropole, our results show no significant accessibility effect of urban and non-urban transport networks (bus, tram and train). Such an absence of a clear relationship between public transport and housing prices may be interpreted in two different ways. This may reflect sufficientlygood connections to the city centre from the buyer's point of view, regardless of the location of the apartment (given that the vast majority of apartments are located inside the ring road). Conversely, this may indicate the lack of buyers' interest in public transport in general, in that the corresponding modal share does not exceed 15% of total trips (as in comparable French Métropoles). Indeed, over 60% of public transport users are under 25 and so are probably not active in the housing market.
The effects of environmental quality are not obvious either. On the one hand, the noise from road and rail is perceived negatively: we emphasize that apartment prices fall with noise exposure, although the effect is only small in size. On the other hand, we show that the concentration of airborne pollutants does not reduce apartment prices, even for the mostexposed dwellings. The explanation may lie in the fact that individuals are generally more sensitive to noise than air pollution. Such an attitude is consistent with the environmental economics theory that takes air pollution as a negative externality that individuals do not take into account when they purchase on the housing market. Environmental and public health policies thus have a role to play. A contextual interpretation may be provided in addition: environmental quality is generally good in Nantes Métropole, so households are probably less sensitive through housing valuation. The method we use to elaborate the environmental quality variables may also play a role: different results could have been found through the use of observed noise and air pollution values, unfortunately not available, instead of the values calculated from traffic data.
Do these results finally make the case for voluntarist public policies in favor of public transport?
The 2010 Grenelle 2 French Law advocates tax policies regarding real-estate capital gains from selling property with transport facilities close by. However, our results suggest that these polices may be useless if awareness policies towards transport users are not implemented at the same time: local authorities should thus continue to emphasize the individual and collective benefits in order to make larger groups of individuals aware of the use of public transport. This could be carried out jointly with improvements in the quality of service (including carpooling options when bus lines are not profitable) and consequent investments in mobility platforms (mobile apps) in order to facilitate daily trips for everyone.
As hedonic price models cannot take into account all of the elements that affect housing prices, our results should be treated with caution. First, access to street and road networks could not be examined as potential premiums, as these variables were not geo-referenced in the framework of the research project. There are in addition many other factors that play a role in the perceptions of the quality of the living environment, such as security, the quality of schools, job opportunities, and proximity to the sea or other unique natural resources. All of these factors may be reflected in the housing market; however, as our models explain over 80% of the variance in apartment prices, these remaining factors should only have a relatively minor role to play in Nantes. More generally, a permanently high demand-tosupply ratio reveals the lack of apartments on the market. In this case, certain apartment attributes may be regarded as secondary by buyers, as can be seen in Nantes Métropole and other attractive cities.
